INTRODUCTION
A simple K-band microwave interferometer has been developed at the LOS Alamos National Laboratory to measure various transient properties in both energetic (high explosive) and passive (grout and Teflon) materials. The interferometer measures the position as a function of time of either a dielectric discontinuity, i.e., a shock front, or the position as a function of timesof a conducting surface such as the detonation wave in a high explosive. By embedding a reflector in a dielectric material, both the particle velocity and the shock velocity may be measured at the same time and in the same place.
INSTRUMENTATION
The interferometer ( Fig. 1 ) (which evolved from an X-band interferometer2) is based on a 24 GHz Gunn diode oscillator, normally found in automatic door openers, etc., and a mixer diode pair obtained from the same company2. The two mixer diodes, electrically one-quarter wave apart, yield quadrature components of the signal (sine and cosine) which are typically recorded on LeCroy 8818 CAMAC digitizers. In order to prevent frequency pulling of the Gunn diode by this reflector signal so as to resolve subwavelength position details, the mixer diode and the oscillator are separated by an isolator, sometimes using a commercial K-band isolator and sometimes using a three-port circulator and a dummy load; in some cases, a simple attenuator may be substituted to isolate the Gunn diode from the reflected signal. Usually, 6 to 10 db of attenuation is inserted in the waveguide between the mixer diode and the reflecting surface to be measured to balance the amplitudes of the transmitted and reflected signal.
The phase of the reflection is determined by two things: 1) The distance between the reflecting surface and the mixer diode, and 2) the index of refraction of the material between the reflecting surface and the mixer diode. In particle velocity measurements, the amount of refracting material between the reflecting surface and the mixer diodes is a constant and hence if n-1 is proportional to the density (the Gladstone-Dale approximation3) the travel necessary to give a 2n phase change at the mixer diode is the same as in vacuum (approximately 0.77 cm in a WR-42 waveguide). However, shock velocity measurements consist of a wave front (dielectric discontinuity) moving through a material medium and so the index of refraction needs to be considered. The measured value in Teflon in a WR-42 waveguide for the length required to give the same 2a phase change is 0.45 cm. Since the shock wave is faster than the particle wave by very different frequency, the two signals may be recordet3 separately by either analog or digital filtering.
As examples of the range of uses of the interferometer, three measurements will be described. It has been used to measure the shock properties of the grout, the deflagration-to-detonation transition in a compacted powder explosive (both inside a waveguide) and an unconfined measurement of the detonation velocity in solid HE, the velocity of the explosion produots at the interface of the explosive shock and air and the pressure at a Teflon surface upon which the explosive products impinge.
. FIRST EXAMPLE
As a first example, pressure measurements in grout have been performed. A waveguide detector was constructed of one-half mil household aluminum foil the size of the inside of the WR-42 waveguide (0.170 x 0.420 in.), having Teflon inside and outside of the waveguide. An aluminum plate, oneeighth in. thick terminated the waveguide and was immersed in the grout. As the shock passed from the grout through the aluminum plate into the Teflon, the shock front produced the high-frequency signal seen in the data, i.e., the shock velocity, and the motion of the aluminum plate (and hence the grout and Teflon between which it was sandwiched) the lowfrequency component in the data gave the particle velocity (Fig. 2) .
Analysis of these two signals fitted the Marsh and book^ data, showing that
the Gladstone-Dale model is appropriate.
SECOND EXAMPLE
Another experiment done inside a waveguide is a measurement of the process by which deflagration transitions to detonation in a compacted powdered HE. A one-half-in. inside-diameter heavy-walled brass tube, which acted both to confine the explosive and as a circular waveguide, was packed with the powdered HE to a density of 1.25 gm/cm3. A Teflon plug covered with copper foil was shaped to form a reflectionless transition between the WR-42 waveguide and the brass tube and acted as a tamper on the powdered HE (Fig. 3) . The HE was ignited with a pyrofuse so as to initiate a slow burn. The burn, the compaction wave produced by the burning HE, and the deflagration-to-detonation transition and the detonation wave can be clearly seen (Fig. 4 ) . In addition, the analysis of the shock and particle velocity signals in the Teflon plug give the pressure.
. THIRD EXAMPLE
In this example, a free space measurement, a Teflon axicon5 was used to focus the microwaves from a horn through a 2-in. air gap and hence into a 2-in.-thick piece of solid HE (Fig. 5) . A sheet of aluminum foil between the lens and the HE was the initial reflector. Figure 6 clearly shows the detonation front moving through the HE, the shock front generated as the HE products travel through the air gap, and the shock and particle velocities in the Teflon when the HE products impinge upon the Teflon. Since the equation of state of Teflon is well known, the pressure at the air-Teflon interface can be determined as in the First Example. The time of the initiation of the detonation in the solid HE and the time of the transition . of the shock from the HE to the air could be accurately determined. Using these times and the length of the HE (2 in.), the velocity of detonation was determined with an accuracy of about one percent.
CONCLUSION
These techniques are still under development. It is possible (limited by the signal-to-noise ratio) to use the ratio of the amplitude of the shock signal to the amplitude of the particle signal to determine the index of refraction change at the shock front and hence to determine the change in density. This feature has not been fully explored. Frequency agile measurements are currently being made which give not only the velocity but the position from which the reflection emanates. Knowledgeable experimenters in this field can obviously find other uses for this SLICK apparatus.
FIGURE CAPTIONS
FIGURE 1 The interferometer showing the Gunn diode, the isolator, the attenuator and the waveguide leading to the detector.
FIGURE 2
The quadrature signals, sine and cosine, of the particle and shock velocity motions in grout.
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FIGURE 3
Shows the WR-42-to-one-half-in. transition, the compacted HE, the pyrofuse that sets it off and the containment pieces.
FIGURE 4
Deflagration to detonation transition showing the slow burn initiated by the pyrofuse, the compaction wave generated by the slow burn, the instant of the onset of detonation and the detonation wave.
FIGURE 5 Third example instrumentation showing the axicon used to focus the microwaves, the horn, the air gap and the solid HE.
FIGURE 6
The data from the third example showing the passage of the detonation through the HE. It is possible to determine accurately the time it takes to transit the two inches and, from that, the velocity to within 1%. 
